Abstract. Sprinkler irrigation on clay soils in southern Finland decreased the protein content of spring wheat flour in five field experiments in the years 1967-70, by 16 ± 4 per cent on an average. The amino acid composition, however, was improved, because the proportion of lysine was increased by 6 ± 4 %. Accordingly, the content of lysine in flour was decreased by irrigation only by 10 i 5 %. An increase of fertilizer nitrogen from 68 to 144 kg/ha increased the protein content of wheat flour by 19 ± 5 %, but the proportion of lysine in the amino acid composition decreased by 9 ± 4 %. Therefore, the lysine content in flour was increased by nitrogen fertilization only by 8 ± 5 %. It seemed as if urea and ammonium nitrate limestone would have had about the same effect on the quantity and quality of wheat protein. As a consequence of the reversed influences of irrigation and nitrogen fertilization on the wheat protein it was possible, by means of irrigation and an additional nitrogen fertilization, to produce 65 per cent higher grain yields without any noteworthy changes in the contents of protein or amino acids.
By means of irrigation it is possible to produce rather high wheat yields even in as northern a country as Finland (Elonen, Nieminen and Kara 1967) . Irrigation decreases the contents of various nutrients in wheat and especially that of proteins, but an increase in fertilization can eliminate this disadvantage and simultaneously stimulate the effect of irrigation on the grain yields (Kaila and Elonen 1970). However, in several investigations it has been found that, as a consequence of an intense nitrogen fertilization, the biological quality of wheat protein may be weakened (Bodo 1961 , Larsen and Nielsen 1966 , Aykroyd and Doughty 1970 . There is very little corresponding information about irrigation.
The object of the present work was to study the effects of irrigation and nitrogen fertilization, separately and together, on the amino acid composition of spring wheat.
Material and methods
Experimental fields (Table 1) . The field trials were carried out in the years 1967-70 in cooperation with the Finnish Research Institute of Agricultural Engineering. Four of them were in successive years on the same farm, in the neighbourhood of Helsinki, the fifth one (No. 3 in Table 1 ) about 100 km farther to the west. The soil in the trials was silty clay with an average pH of 5.6 (in 0.01 M CaCl 2 ) and containing about 4 per cent of organic carbon in the top soil. The subsoils were heavy clay. Fertilization (Table 1) . As a basal dressing (N x -P-K), either compound fertilizers (Trials I-3) or ammoniated PK-fertilizer (Trials 4-5) were used. In Trial 5, 75 kg/ha of additional nitrogen as urea or ammonium nitrate limestone was applied. This basal dressing was placed in rows at a depth of 8 cm and it contained, on an average, 68 kg N, 53 kg P and 81 kg K per hectare. Additional nitrogen on the N 2 -plots, an average of 76 kg/ha, was applied either as surface dressing for the shoots as calcium nitrate (Trials I-2) or urea (Trial 3), or the additional nitrogen was placed at a depth of 8 cm in connection with sowing either as urea or ammonium nitrate limestone (Trials 4-5).
Irrigation. Irrigation was performed by slow rotary sprinklers twice in June, at both times with 30 mm of drainage ditch water. (Tables 1   and 2 ), were represented in the same series. Amino acid analyses were carried out with automatic Technicon Amino Acid Analyzer using norleucine as both internal and external standard. The results were expressed as percentages of the sum of 17 acids. (Hlynka 1964 ). The milling probably changed also the amino acid composition by decreasing especially the proportions of lysine and arginine and increasing the parts of glutamic acid and proline (Hlynka 1964 , Shoup et al. 1966 , Aykroyd and Doughty 1970, FAO 1970) .
The amino acid compositions seem to be fairly similar to each other. However, the statistical treatment of the analytical results revealed some significant differences. The additional nitrogen fertilization increased the relative amount of glutamic acid at the expense of lysine and arginine. Larsen and Nielsen 1966, Pessi et al. 1971 ). The effect of irrigation was almost reverse to that of nitrogen fertilization. Irrigation significantly increased the proportions of lysine and isoleucine.
The changes in the amount of lysine are of especially great importance because, in wheat, lysine is the critical essential amino acid which may restrict the effective utilization of other amino acids. Therefore, the biological value of wheat protein as such is determined by the lysine content (Aykroyd and Doughty 1970) .
The By increasing the amount of fertilizer nitrogen from 68 to 144 kg/ha and by irrigating the wheat fields twice in June, it was possible to increase the grain yields by 1840 kg/ha (from 2850 to 4690) or 65 % without any noteworthy changes in the protein or lysine contents of wheat flour. Consequently, there are two reasons why it is profitable to intensify fertilization in connection with irrigation. Firstly, fertilization and irrigation in a combined programme stimulate the effect of each other and result in fairly high and constant grain yields (Table 2). Secondly, by means of nitrogen fertilization it is possible to prevent the decrease of protein and lysine contents in wheat caused by irrigation alone.
An attempt was also made to study whether different kinds offertilizer nitrogen might have different effects on the amino acid compositions of wheat flour. In two years, in addition to ammoniated PK-fertilizer, 120 kg/ha (Trial 4 in Table 1 ) or 113 kg/ha (Trial 5) of nitrogen, either as urea or ammonium nitrate limestone were applied. These nitrogen fertilizers affected the amount and protein content of the yields in about the same way in both years: the average increase in grain yield was 1850 (from 2380 to 4230) kg/ha and the increase in protein content of grains was 3.0 (from 12.9 to 15.9) %-units. The average amino acid compositions are reported in Table 4 . There are no significant differences between the amino acid compositions of wheat fertilized by urea or ammonium nitrate limestone. Because of the relatively small research material (only 12 amino acid analyses), the confidence intervals of the means are, however, rather wide. For this reason, no far-reaching conclusions can be drawn.
The main result of this study is that irrigation and nitrogen fertilization affect the protein content and the biological value of wheat protein in entirely opposite ways. This statistically significant result is obtained on the basis offield trials, which are carried out in different years using different wheat varieties and different fertilizations. Therefore, in order to obtain a high yield with good protein quality it is advisable for practical wheat husbandry to apply a combined programme of irrigation and nitrogen fertilization.
